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DEVICE AND METHOD FOR SHORT CYCLE ARC WELDING 

CROSS-REFERENCE TO RELATED APPLICATIONS 
[0001] This application claims the benefit of German patent 
application DE 102 29 690.1, filed June 26, 2002. The disclosure of the above 
application is incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] The invention relates to a device for short-cycle arc welding of 
elements, especially metal studs, to components, especially metal sheets, having 
a positioning mechanism that holds a welding head and can be positioned 
relative to a component, wherein the welding head has a chucking mechanism 
for holding an element, a linear motion mechanism for advancing and retracting 
the chucking mechanism relative to the welding head, and a feed channel for 
feeding elements to be welded into the chucking mechanism, wherein the 
chucking mechanism has radially movable chucking elements that can be moved 
by a chucking means between an open position, which permits axial passage of 
an element from the feed channel through the chucking device, and a chucking 
position, in which an element is chucked between the chucking elements. 

[0003] The invention further relates to a method for short-cycle arc 
welding of elements, especially metal studs, to components, especially metal 
sheets, wherein an element to be welded is fed to the component through a feed 
channel and welded to the component. 
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BACKGROUND OF THE INVENTION 

[0004] Such a device and such a method are known from DE 3 218 
886 C1. In this context, the stud to be welded to a component is conveyed by 
compressed air through a feed channel through an elastically expandable chuck 
until it contacts a movable stud stop that is located on the workpiece side on the 
device housing in front of the chuck. The stud is positioned correctly in the chuck 
by the stud stop. To close the chuck, a tubular actuator is pushed onto the chuck 
toward the stop by a pneumatic working cylinder, wherein mutually 
corresponding angled ramps produce the radial closing motion. The chuck can 
be moved axially to a limited extent by motor drive, and in its movement to the 
welding position it pushes the movable stud stop to the side so that the stud is 
freed for welding. A disadvantage of the known method and the known apparatus 
is the long axial stroke of the chuck and the relatively complicated construction 
resulting from the movable stud stop. 

[0005] In the prior art, the welding stroke motion in short cycle arc 
welding is generally performed by a linear motor drive, while the advancing 
motion of the welding head as a whole toward the component is generally 
performed by a pneumatic drive such as a cylinder. It is disadvantageous here, 
firstly, that no regulation of any sort can take place, and secondly, that lines for 
the compressed air must be routed through the cable assembly and through the 
welding head. 
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SUMMARY OF THE INVENTION 

[0006] Consequently, the object of the invention is to create an 
improved apparatus and an improved method for short-cycle arc welding of 
elements to components with which simple and reliable feeding into a chuck of 
elements to be welded is ensured. This object is attained in a device of the 
aforementioned type in that the chucking mechanism in the open position forms a 
free passage for the elements to be welded that adjoins the feed channel and 
leads out of the welding head. 

[0007] In the device according to the invention, a movable stud stop 
and a plunger for pushing a fed element into a resilient chuck are eliminated. In 
this way, the construction of the device is simplified significantly, and increased 
reliability is ensured. Since the chucking mechanism can be brought into the fully 
opened position during feeding of an element, wear of the chuck is significantly 
reduced in comparison to a conventional, resilient chuck. A further advantage of 
the device in accordance with the invention consists in that variation of the 
length, diameter and shape of elements to be welded is possible within certain 
limits with no need to change the chucking mechanism. In contrast, in 
conventional devices it is necessary to use an appropriate chuck in each case, 
particularly in the event of changes in the diameter of the elements to be welded. 
Moreover, blockage of the feed channel is largely precluded in the device 
according to the invention because there is no longer an additional channel 
opening into the feed channel. Finally, since the elements to be welded are 
conveyed directly to the component surface before they are chucked, 



3 



Black & Decker Docket No. GER 8804 
Attorney Docket No. 0275M-000746 

significantly improved accuracy in positioning of the element to be welded 

relative to the component is ensured by the invention. Since the element to be 

welded rests directly on the surface of the component at the beginning of the 

welding process, this directly establishes a zero position from which the further 

position of the element can be controlled during the welding process. A support 

foot, such as is necessary in conventional short-cycle arc welding devices, can 

be eliminated entirely. Since the element to be welded contacts the component 

surface at the beginning of the welding process, this specifies a reference line 

which can be used as a basis for controlling the welding process. 

[0008] In an advantageous refinement of the invention, the chucking 
mechanism has an axially movable clamping nosepiece that works together with 
the chucking elements to move them between the open and chucking positions. 
In this way, mechanical opening and closing of the chucking mechanism, which 
is to say movement between the open and chucking positions, is made possible 
with simple means. To this end, in a preferred refinement of the invention, the 
clamping nosepiece and the chucking elements can be coupled together by 
angled surfaces in order to convert axial displacement of the clamping nosepiece 
into a chucking or release motion of the chucking elements. An especially simple 
and reliable embodiment is made possible in this way. 

[0009] In a preferred refinement of the invention, the clamping 
nosepiece is axially movable in the direction of the chucking elements in order to 
move into the chucking position. This embodiment has the advantage that the 
clamping nosepiece is removed from the surface of the component by the 
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chucking motion, and hence accidental welding of the clamping nosepiece to the 
component is precluded. 

[0010] In accordance with another feature of the invention, the 
clamping nosepiece acts with a conically shaped inner surface on outer angled 
surfaces on the chucking elements. To this end, the chucking elements are 
preferably designed to be self-centering. In this way, greater precision of the 
welding process is ensured as a result of the self-centering. 

[0011] In another refinement of the invention, the chucking elements 
extend toward the clamping nosepiece in the approximate shape of a wedge and 
are movably retained by a clamping nut on their side facing away from the 
clamping nosepiece. Especially simple and reliable attachment is achieved in this 
way. In another embodiment of the invention, a drive, preferably a linear motor, is 
provided for bracing the clamping nosepiece against the chucking elements. In 
this way, the clamping force can be proportioned or determined, for example by 
means of the travel path. In addition, the travel path of the drive can be analyzed 
from the open position to the chucking position in order to detect the diameter of 
the chucked elements. Lastly, the elements can be chucked largely 
independently of their length. 

[0012] Alternatively, a fluid cylinder can also be provided as the drive 
for moving the clamping nosepiece. A particularly economical embodiment is 
achieved by this means. 

[0013] In a preferred refinement of the invention, a motor drive, 
preferably a linear motor, is provided on the linear motion mechanism for 
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advancing and retracting the chucking mechanism. Especially when a linear 

motor is used as a drive for the clamping nosepiece and another linear motor is 

used on the linear motion mechanism to advance and retract the chucking 

mechanism, particularly wide variability in the welding process can be achieved, 

facilitating optimal adjustment for different welding tasks. Thus, for example, the 

thickness of the element to be welded can be detected by means of the travel 

path of the chucking mechanism's linear motor, and can be taken into account in 

the welding process. In addition, a position sensor can be provided for measuring 

the travel path of the chucking means of the chucking mechanism and/or the 

linear motion mechanism. 

[0014] In another embodiment of the invention, a pressure sensor is 
provided to monitor the pressure inside the clamping mechanism, and the signal 
therefrom is supplied to an analysis unit for analysis in order to emit a signal that 
is characteristic of the feeding of an element to the component surface. In this 
way, when gas is continuously supplied to the feed channel, the change in 
pressure that arises when a fed element exits the feed channel and comes in 
contact with the component surface can be sensed in order to derive a signal 
therefrom that characterizes the arrival of an element. The reliability of the 
welding process is improved in this way. 

[0015] In accordance with an alternative embodiment of the invention, 
a measurement voltage is applied between the chucking mechanism and the 
component, and is supplied to an analysis unit for analysis in order to emit a 
signal that is characteristic of the feeding of an element to the component 
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surface. In this way as well, it is possible to obtain a signal that indicates the 

arrival at the component surface of an element to be welded, since the voltage 

signal is briefly affected by the arrival of an element at the component surface. 

[0016] In an additional refinement of the invention, the feed channel is 
coupled through an intermediate storage to a storage device, whence are fed the 
elements to be welded. In this context, the intermediate storage is preferably 
separated from the workpiece opening of the chucking mechanism by a 
maximum distance of one meter, preferably a maximum of 0.5 m. This 
arrangement ensures that an overly great distance between the storage device 
and the component surface does not produce excessive kinetic energy of a fed 
element, which could lead to permanent deformation of the component. 

[0017] In accordance with another embodiment of the invention, the 
intermediate storage has a chamber for accommodating an element to be welded 
that is closed by a pneumatic closure at each axial end. In this context, at least 
one sensor for stud length detection can be provided in the chamber. Moreover, 
in accordance with another feature of the invention, a feed line for feeding gas 
into the chamber and an exhaust line for removing gas from the chamber, each 
of which is controllable by a valve, can open onto the chamber. Simple supply 
and removal of individual elements to and from the intermediate storage can be 
ensured in this way. The stud length detection ensures that elements with 
nonconforming lengths are not inadvertently welded onto the component. 

[0018] Depending on the requirements of the welding process, 
protective gas can also be delivered through the feed line for feeding gas when 
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an especially high-quality weld is desired. In the event of protective gas welding, 

another nosepiece can additionally be provided that surrounds the clamping 

nosepiece from outside. In this way, a certain amount of hollow space is 

achieved which surrounds the weld point and is under the influence of the 

protective gas. 

[0019] With regard to the method, the object of the invention is attained 
through a method for short-cycle arc welding of elements, especially metal studs, 
to components, especially metal sheets, wherein an element to be welded is 
conveyed through a feed channel to a surface of the component, the element is 
chucked, and is then welded to the component. 

[0020] Simple and reliable feeding of elements is ensured because, in 
accordance with the invention, each element to be welded is conveyed in this 
way directly to the surface of the component without being hindered by the 
chucking mechanism. Because an associated element is chucked by a chucking 
mechanism starting from a position on the component surface through a 
chucking motion in the chucking mechanism directed away from the surface of 
the component, inadvertent welding of the chucking device to the component 
surface is prevented. 

[0021] In an additional refinement of the method in accordance with the 
invention, the element is conveyed to the component surface by gas pressure 
through a feed channel that opens into the chucking mechanism, and the 
element is chucked while the gas pressure continues to be maintained. In this 
way, simple and reliable feeding is ensured, and rebounding of the element is 
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avoided by the continued presence of the gas pressure. In this context, the gas 

pressure in the vicinity of the opening of the feed channel into the chucking 

mechanism can be monitored and analyzed during a feed process in order to 

detect feeding and presence at the component surface of an element to be 

welded. Alternatively, a measurement voltage can be applied between the 

chucking mechanism and the component that is analyzed in order to detect 

feeding and presence at the component surface of an element to be welded. In 

an advantageous refinement of the method in accordance with the invention, the 

element to be welded is handled in a mechanically clamped chuck during the 

welding process. In accordance with another feature of the invention, the chuck 

is subjected to a testing force after completion of the chucking process. In this 

way, a test of the strength of the weld produced can be performed immediately 

after completion of the welding process. 

[0022] Of course, the features mentioned above and those explained 

below can be used not only in the combinations specified, but also in other 

combinations or alone. Further areas of applicability of the present invention will 

become apparent from the detailed description provided hereinafter. It should be 

understood that the detailed description and specific examples, while indicating 

the preferred embodiment of the invention, are intended for purposes of 

illustration only and are not intended to limit the scope of the invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] Additional features and advantages of the invention are 
apparent from the description below of preferred example embodiments with 
reference to the drawings. Shown are: 

[0024] Fig. 1 is an extremely simplified schematic overall view of the 
device in accordance with the invention; 

[0025] Fig. 2 is an enlarged longitudinal section through a welding 
head in accordance with the invention from Fig. 1 ; and 

[0026] Fig. 3 is an enlarged longitudinal section from Fig. 1 taken 
through an intermediate storage. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0027] The following description of the preferred embodiments is 
merely exemplary in nature and is in no way intended to limit the invention, its 
application, or uses. 

[0028] In Fig. 1, a device in accordance with the invention for short- 
cycle arc welding is shown in an extremely simplified schematic form, and 
labeled 10 overall. The device 10 has a welding head 28 that is accommodated 
on a bracket 16 of a positioning mechanism indicated schematically by the 
numeral 14. Generally, this is a robot, which has a robot arm, for example, that 
pivots about its vertical axis and is additionally divided into multiple links that are 
hinged to one another. If desired, linear guides may also be provided for moving 
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the robot. The robot as a whole can perform movements in all three coordinate 
directions within a specified range of motion. 

[0029] Provided at a distance from the welding head 28 is a power and 
control unit 18 by which means the welding device 28 is supplied with energy and 
controlled. A storage device 20 can be coupled to the power and control unit 18; 
elements 26 (studs) to be welded which are accommodated in said storage 
device can be fed by means of a suitable isolating device (not shown) through a 
line 22 and through an intermediate storage 24 to the welding head 28. If the 
welding head 28 is positioned suitably with respect to a component 12, an 
element accommodated therein can be welded to the component using the 
known short-cycle arc welding method. 

[0030] As shown in Fig. 2, the welding head 28 has a chucking 
mechanism 32 for chucking elements 26 to be welded, onto which opens a feed 
channel 30, through which the elements 26 to be welded are fed by means of 
gas pressure. The chucking mechanism 34 has six chucking elements 34 
extending toward the component 12 in the approximate shape of a wedge, each 
of which has at its outer end a tongue-shaped projection 36 that protrudes 
inward. The rear ends of the chucking elements 34 opposite the projections 36 
are held at an outward-projecting circumferential shoulder 52 by means of a 
clamping nut 54 that is screwed onto a thread 56 of a receiving ring 70. The 
chucking elements 34 work together with a clamping nosepiece 38 that has a 
conical inner surface 40 which cooperates with the outer angled surfaces 42 of 
the chucking elements 34. Since the inner cone surface 40 of the clamping 
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nosepiece 38 has a greater pitch than the angled surfaces 42 of the chucking 

elements 34, the chucking elements 34 can be moved radially inward at their 

outer ends or tongue-like projections 36 by an axial displacement of the clamping 

nosepiece 38 toward the chucking elements 34 while their inner ends are held in 

the clamping nut 54. An element 26 fed from the feed channel 30 between the 

chucking elements 34 can thus be chucked by axial movement of the clamping 

nosepiece 38 away from the component surface 13. 

[0031] A linear motor 66 is provided to move the clamping nosepiece 

38. The clamping nosepiece 38 is fastened to the armature 68 of the linear 

motor 66 by a clamping nut 44 that is screwed into a thread 46 of a receiving ring 

48 and holds the clamping nosepiece 38 against a washer 50. In this way, the 

clamping nosepiece 38 can be advanced and retracted by moving the armature 

68 of the linear motor 66 in the axial direction. The body of the linear motor 66 is 

constructed as a single piece with the body or traveler 64 of another linear motor 

58 whose armature 60 is accommodated on a base element 71. The traveler 

enclosing the winding 62 of the linear motor 58 continues into the linear motor 66 

and in this vicinity forms the body of the linear motor 66. The winding 65 

enclosing the body 64 in this area is enclosed by the armature 68 of the linear 

motor 66. The latter can thus move relative to the body 64, thus simultaneously 

moving the clamping nosepiece 38 in the axial direction. The two linear motors 

58, 66 together form a double-acting linear motor, which firstly facilitates 

chucking and releasing of the chucking mechanism 34, and secondly facilitates 
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the advancing and retracting of the chucking mechanism 34 with respect to the 
component surface 13. 

[0032] The receiving ring 70, to which the clamping nut 54 is fastened, 
is screwed to the end face of the body 64. The chucking elements 34 are thus 
movably attached to the body 64 at their inner ends, while the clamping 
nosepiece 38 can be moved relative thereto by means of the linear motor 66. A 
sleeve bearing guide 76 with strippers is provided to guide the clamping 
nosepiece 38 and the chucking elements 34. Said sleeve bearing guide is 
provided between an inner cylinder 74, which is rigidly connected to the base 
element 71 and externally encloses the two linear motors 58, 66, and an outer 
cylinder 75, which is rigidly connected to the armature 68 of the linear motor 66. 

[0033] The base element 71 of the welding head 28 is connected to the 
bracket 16 of the positioning mechanism 14 or of the robot. The entire welding 
head 28 is passed through in the axial direction by the feed channel 30, which 
extends into the chucking mechanism 32 and ends approximately in the forward 
third of the longitudinal extent of the chucking elements 34. 

[0034] Hence, elements 26 can be conveyed via gas pressure through 
the feed channel 30 all the way through the chucking mechanism 32 to the 
component surface 13. Fig. 2 shows such an element in the form of a stud that 
rests against the component surface 13 with its head 27. 

[0035] At the start of a welding process, the welding head 28 is first 
positioned relative to the component 12 by means of the bracket 16. To this end, 
the welding head 28 can be advanced to the component surface 13 with the 
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chucking mechanism 32 in the open position, for example, so that the end face of 
the clamping nosepiece 38 contacts the surface 13 of the component 12. If 
desired, a spring-loaded support foot, which is known in conventional short-cycle 
arc welding systems, can additionally be used to support positioning. However, it 
is also possible to do without such a support foot entirely. Now an element 26 to 
be welded can be conveyed through the feed channel 30 by means of gas 
pressure directly to the component surface 13 and then the chucking mechanism 
32 can be chucked. Preferably the gas pressure continues to be maintained 
during this process to prevent rebounding of the element. For chucking, the 
clamping nosepiece 38 is pushed toward the receiving ring 70 so that the outer 
tongues 36 of the chucking elements 34 move inward and the element 26 is 
clamped between the tongue-like elements 36 while simultaneously being 
centered. 

[0036] To monitor feeding of an element 26 to the component surface 
13, a measurement voltage 77 can be applied between the clamping nosepiece 
38 and the component 12 that is analyzed by an analysis unit 78. If the clamping 
nosepiece is initially in contact with the surface 13 of the component 12, then 
when an element 26 that is fed arrives, a short pulse is generated that can be 
analyzed by the analysis unit 78 to generate a control signal for the power and 
control unit 18 indicating that an element 26 has been fed and is resting against 
the component surface 13 ("stud arrival signal"). 

[0037] As an alternative, a sensor 72 can be provided that monitors the 
gas pressure within the chucking mechanism 32 and detects the pressure 
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change that results when an element 26 exits the mouth of the feed channel 30 

and strikes the component surface 13. The measurement signal from the 

pressure sensor 72 is in turn fed to an analysis unit 73 in order to generate a stud 

arrival signal. 

[0038] Since the clamping nosepiece 38 is moved away from the 
component surface 13 during the chucking process, a certain distance always 
results between the mouth of the clamping nosepiece 38 and the component 
surface 13, which makes it impossible for the clamping nosepiece 38 to be 
welded to the component 12 in the event of a malfunction. 

[0039] The clamping force of the chucking mechanism 32 can be 
monitored or controlled by means of the travel path of the linear motor 66. 
Furthermore, detection of the diameter of the element 26 to be welded can be 
achieved by monitoring the travel path of the linear motor 66. Since the element 
26 to be welded is located directly on the component surface 13 in its initial 
position, precise positioning for the subsequent welding process is ensured, 
since all travel paths can be controlled with this position as a reference. 

[0040] The actual stud welding process is performed in a manner 
known per se. In this context, a pilot current is applied to the element 26, if 
applicable after removing the measurement voltage 77. Then the element 26 is 
raised relative to the component 12 so as to draw an arc. After a certain height 
has been reached, the actual welding current is switched on, which raises the 
energy of the arc such that the head 27 of the element 26 and the associated 
location on the component 12 are melted. Subsequently, the linear motor 58 
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moves the element 26 back onto the component 12. As soon as electrical contact 

has been made again, the arc is short-circuited and the welding current is 

switched off. 

[0041] In general, the advancing step takes place somewhat below the 
surface of component 34 so that good mixing of the molten materials on both 
sides takes place. Then all the molten material solidifies and the actual welding 
process is concluded. Then, if applicable, the chucking mechanism 32, still in the 
clamped state, can be subjected to a force directed away from the component 12 
by the linear motor 58 in order to immediately test the strength of the weld 
produced. The clamping mechanism 32 is then moved back to the open position 
and the welding head 28 is moved by the robot to another welding location where 
an element to be welded can be fed, if applicable. 

[0042] In order to prevent damage to the component 12 resulting from 
excessive kinetic energy of an element 26 that is fed, provision should be made 
to ensure that the length of the feed channel 30 does not exceed a certain 
maximum length. For example, a maximum value of 0.5 m is considered 
appropriate for this purpose. Moreover, an intermediate storage 24 can be 
arranged at this distance, into which individual elements 26 from the storage 
device 20 can be fed, and from which they can then be conveyed into the feed 
channel 30. 

[0043] A possible embodiment of such an intermediate storage 24 is 
described in detail below on the basis of Fig. 3. The intermediate storage 24 has 
a chamber 80 that is designed to accommodate one individual element 26 at a 
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time. The chamber 80 is enclosed by a cylindrical housing 81 that is closed at 

both ends by connecting flanges 82 and 84. The feed channel 30 opens onto the 

connecting flange 84, while the connecting flange 82 is connected to the storage 

device 20 through a feed line 90, from which elements 26 are fed through an 

isolating device. The chamber 80 is sealed at each end by a gas-tight seal 86, 

88 that is movable within the respective connecting flange 82 or 84. Moreover, a 

feed line for the passage of gas that is controlled by a valve mechanism 96 

opens into the side of the chamber 80. Also opening into the side of the chamber 

80 is an exhaust line 98 that is controlled by a valve mechanism 100. 

[0044] The intermediate storage 24 functions such that, with the seal 
86 initially open and the exhaust line 98 open, an element 26 is fed through the 
line 90 and strikes the seal 88. Then the seal 86 is closed, the exhaust line 98 is 
closed and gas is fed into the chamber 80 through the supply line 94, by which 
means the element 26 is conveyed through the feed channel 30 to the welding 
head 28 as a result of the gas pressure. In addition, as shown in Fig. 3, a sensor 
92 for length detection can be provided in the wall of the housing 81 . In this way, 
it is possible to ensure that elements 26 with a predetermined length are fed into 
the feed channel 30. 

[0045] If desired, protective gas can be fed through the feed line 94 in 
order to permit inert gas welding. In this case, it is preferable to additionally use 
a protective gas nosepiece that encloses the clamping nosepiece 32 from the 
outside and extends approximately to the component surface 13 so as permit 
clean inert gas welds. 
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[0046] Since, in contrast to conventional resilient chucks, the chucking 
mechanism 32 is open during the feeding of elements 26 and thus permits 
practically unhindered passage of elements to the component surface 13, the 
wear on the clamping mechanism 32 is significantly less than with conventional 
chucks. If necessary, the clamping nosepiece 38 can be cleaned from time to 
time with a peg-like component to remove contaminants. 

[0047] The description of the invention is merely exemplary in nature 
and, thus, variations that do not depart from the gist of the invention are intended 
to be within the scope of the invention. Such variations are not to be regarded as 
a departure from the spirit and scope of the invention. 
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